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NASA SnowEx

How much water is stored in the Earth’s terrestrial snow-covered regions?

Multi-year (FY17 — FY21) field and airborne snow
campaign designed to validate sensor data with a
goal to identify future snow satellite mission

Using a combination of remote sensing, models, and
ground-based measurements
Feb 2017 field campaign
» Grand Mesa and Silverton, CO
» 3-week field campaign
» International snow community ‘
>

Over 100 participants SCIENTISTS ARE TAKING THEIR OFFICE
170 COLORADO'S SNOW COUNTRY &




Radar propagation in dry snow

AR, = Pathlength without snow
0, = Incidence angle

0, AR, d, = Snow depth
g, = Permittivity

AR, = Pathlength through atmosphere
AR, = Pathlength refracted through snow
0, = Refracted radarangle

Phase shift due to snow:

(modified from Guneriussen et al., 2001) ; _ 4p : .
J snow /_ds (COSCZ' \/ES - S|n6712)
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Snow Water Equivalent (SWE)

= Water yielded when melting a volume of snow
= Depth * density (integrated) through the snowpack

Phase shift due to snow:

J == Ld [co5q,- & - sing7

-/ Snow ~dS*e; :mWE

m Guneriussen et al., 2001 ERDC
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Modeling Phase Change: ASWE

If majority of the signal is from the snow-groundinterface, phase change
dependsonly on density/depth, due to refraction & velocity changes.

C-Band, 5.51GHz (Sentinel), 6;,. = 40°

L-Band, 1.26GHz (PALSAR-2), ;. = 40°
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L-Band InSAR (PALSAR)
Imnavait Creek transect, Alaska
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NASA-ISRO SAR Mission (NISAR)

US and Indian, dedicated InSAR mission

Level 1 Science requirements NISAR
» Earth surface displacements, sea ice, vegetation _
biomass, cropland and vegetation biomass, natural
and anthropogenic disasters

Team is part of SDT (snow hydro) applications
L-Band (23cm) and S-Band (12cm)
12-day (or shorter) exact repeat orbit

3-10 meter resolution
Launch date: 2020

@ ERDC

https://nisar.jpl.nasa.gov
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https://nisar.jpl.nasa.gov
https://nisar.jpl.nasa.gov

Airborne InSAR platforms

= UAVSAR - http://uavsar.jpl.nasa.gov
» L-Band (1 6Hz/23 cm) interferometer
» Gulfstream-Ill (G3)

= Microwave Remote Sensing Lab,
University of Massachusetts, Amherst

» S-Band (2 GHz/15cm) and Ka-Band (26
GHz/1cm) interferometers

» Mounted on Cessna door
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http://uavsar.jpl.nasa.gov/

SnowEx (Feb 2017) UAVSAR Support

Flight Plan Report: edeeb33 0008 (SnowEx FY17 (Feb) UAVSAR)
Created by edeeb33 on Sep 20, 2016 at 1:06 PM. Estimated flight time: 4 hrs 18 min

Comments: Grand Mesa and Senator Beck Basin

~ Related Plans | Plan Summary | Flight Map (with KML files) | Flight Request | Configuration |

@ Takeoff Airport (KPMD) 0min 0km

1hr21 min 1,003 km

Transito Lins sdee02_000a total 1 he 3B min  total 1,003 km

1. Line edee02_000aa e i

Transit o Line edee02_000ab e ekl
[+] 2 Line edee02_000ab o oo
Transit to Line edee03_270aa 2 m:f,m ,93:5":,“,.
[+] 3. Line edee03_270aa o faten
Transit to Line edee03_270aa 2 n,,‘gg"",.," .1 2417*:,",.
[+] 4. Line edee03_270aa S datim
Transit to Landing 14':,,2?3w ?;gsnu:
@ Landing Airport (KPMD) 4hrs18min  2755km

If you need to estimate costs for using UAVSAR!

NASA approved investigation (i.e. ROSES):
Estimated cost for this flight pian is $13K

P Plus any mission peculiar costs.

Based on $3000 per flight hour

Non-NASA investigation (with NASA concurrence):
Estimated cost for this flight plan is $47K

P Plus any mission peculiar costs.

Based on $6000 per flight hour for aircraft operations, and $5000 per
flight hour for instrument support and data processing
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UAVSAR SnowEx Acquisitions

* Three acquisition dates and two AOQOIs:
» 06 Feb, 22 Feb, and 25 Feb (during SnowEx)
» Grand Mesa and Uncompaghre Basin

= Slumgullion slide path (NISAR SDT request)
» Additional acquisitions: 8 Mar and 31 Mar °5Feb'22Feb2°17
= UAVSAR products:

» Amplitude (backscatter) for each acquisition
date

» InSAR products based on acquisition pairs
e Coherence and phase (difference)

i ERDC
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UAVSAR SnowEXx Results: INSAR Products

06 Feb— 25 Feb (16-day repeat)
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06 Feb — 22 Feb 2017 (16-day repeat)

Repeatedtransects
09 Feband 17 Feb
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Impacts of Vegetation

UAVSAR amplitude

WorldView-3 (false color)

e W o) \
e

Ve g

*

BUILDING STRONG.

16

Innovative solutions for a safer, better world




Impacts of Vegetation
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Next Steps

February 2017
e 9|10 (11|12 |13 (14 |15 |16 (17 |18 |19 (20| 21|22 |23 |24 | 25
UAVSAR X X X
AS0 X X X X
GLISTEN-A X X X X

Tablel. Logistics for airborne acquisitions of UAVSAR, Airborne Snow Observatory (ASO), and
GLISTEN-A showing coordination collections around Feb. 6-9, Feb 20-22, and Feb. 25.

» UAVSAR acquisitions coordinated with Airborne

Snow Observatory (ASO) and GLISTEN-A

i [

ERDC
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- , il A T e M st (A ..« NearSilverton, CO (Feb 2017)
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General ShowEx Meteorological Obs
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Temperature (degrees C)

Snow Water Equivalent (inches)

~
15 Change In
SWE (in)| DEPTH (in)| DENSITY \ .

06 Feb- 22 Feb 1.6 2 0.019 \
20 - 22 Feb- 25 Feb 0 3 0.013

06 Feb- 25 Feb 1.6 2 0.019
-25 14.5
2/5/2017 2/12/2017 2/19/2017 2/26/2017
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